Drought is a climate phenomenon that greatly impacts the social conditions of the Southeast Asian throughout the history. This study used HadCM3 output in PMIP3 Last Millennium Simulations to analyze the influences of climate variabilities to various changes in meteorological drought .Using SPI-12 they categorized as moderate and severe & extreme drought, The impact of the drought then carried out on the conditions of political history in Southeast Asia. The worst drought conditions over the Maritime Continent occurred in mid-14th until the middle of the 15th century and the mid-18th until the mid-19th century. PDO and ENSO as the major climate variabilities modulates drought over the Maritime Continent during the Last Millennium period. Severe & extreme drought over the Maritime Continent is also considered influencing the political history of Southeast Asia during the Last Millennium period, especially in agrarian societies.
Introduction
Social conditions throughout humankind history are always directly affected by climate change (Gupta 2004) . Humans respond to this climate change by adapting and migrating. Archaeological findings shows that humans are able to adapt the extreme cold of Arctic and dry climates of Thar and the Sahara Desert during the Late Pleistocene -about 27,000 years ago- (Dow et al. 2005) . Nonetheless some civilizations actually collapsed due to climate change. Extreme drought with long time scales are the driving force behind the collapse of the world's great civilizations, among others : Akkadian Civilizations, Maya, Mochica, Tiwanaku and Anasazi (deMenocal 2001) . Extreme drought can last up to decades at erratic intervals (Cook et al. 2010) . Drought plays an important role in the socio-historical context in Asia, i.e. the collapse of Yuan Dynasty (Zhang et al. 2008) and Ming Dynasty (Shen et al. 2007 ) in China; and the Khmer Kingdom in Cambodia (Buckley et al. 2010) .
The Maritime Continent is defined as a group of islands in the western Pacific Ocean, comprising the territory of Indonesia, and Southeast Asia Islands located between 10°N -10°S (Ramage 1968) . The Maritime Continent in general is also a region of the monsoon circulation, which is the global atmospheric circulation throughout the tropics that changes direction -back and forth-on a seasonal time scale (Trenberth et al. 2000) . The Southeast Asian Archipelago is affected by two monsoon systems, the Asian monsoon and the Australian monsoon and a transitional region between both monsoons (Chang et al. 2004) . In addition to the monsoons, the climate of the Maritime Continent is also influenced by the El Niño Southern Oscillation (ENSO), which is also undergoing long-term changes affected by long-term climate variability in the Pacific Decadal Oscillation (PDO) (Newman et al. 2003) .
The Maritime Continent known as a region prone to natural disasters throughout the years (Wardani and Kodoatie 2008) , hence it is necessary to anticipate the impact of this 1.5 drought on the community. Initial step to anticipate drought impacts over the Maritime Continent region is understanding the specific long-term meteorological drought (intensity, number of droughts, and teleconnection with climate variability) and their impact on socio-political conditions over the course of history.
The global climate model is one of the most important efforts in improving understanding and the predictability of a climate phenomenon, one of which is drought. Global climate models in the Last Millennium Simulations PMIP3/CMIP5 project are able to analyze the intensity of historical drought phenomena in Asia and Southeast Asia (Fallah and Cusbach 2015) .
In this study, drought analysis was conducted using the HadCM3 output over the Maritime Continent region during the Last Millennium period (850 -1850 CE), in order to maximize the global climate model's potential output enabling the spatial and temporal variation overview of meteorological droughts in longer climate time scales and their effects to the political history of Southeast Asia.
Data and Results
The HadCM3 output in PMIP3 Last Millennium Simulations has never been used to analyze the climate of the Last Millennium over the Maritime Continent, therefore comparisons to recent climate conditions are required.
The dominant climate phenomenon over the Maritime Continent is the monsoon (Robertson et al. 2011) . Assuming that there is no significant difference between the Asian Monsoon pattern of the Last Millennium and the recent monsoon condition (Clift and Plumb 2008) , a comparative visual comparison of seasonal rainfall and seasonal wind compositeDecember to January (DJF) and June to August (JJA)-every 100 years of model output with recent composite reanalysis data of rainfall and seasonal surface wind (Fig. 1) . Last Millennium monthly rainfall and surface wind data from HadCM3 ensemble r1i1p1 with the spatial resolution of 3.75° × 2.5° is obtained from ESGF (Schurer et al. 2013) . Recent monthly rainfall and surface wind data obtained from NCEP-DOE AMIP-II REANALYSIS (R-2) with the spatial resolution of 2.5° × 2.5° (Kanamitsu et al. 2002) . Visually, there is no significant difference between seasonal rainfall and seasonal wind patterns over the Maritime Continent at Last Millennium with seasonal recent climatological conditions. However, as shown in Fig. 1 and DR1, the Maritime Continent experiences wetter condition in the Last Millennium, compared to recent condition. Reinforced by the reconstruction of the 1,400-years-old lacustrine sediment proxy on the island of Java proves that Java is getting wetter. (Rodysill et al. 2012; Konecky et al. 2013) . Yoden et al. (2017) also state that the Last Millennium Intertropical Convergence Zone (ITCZ) migration moving over the Maritime Continent to the south causing intensification of rainfall in Java Island in the last two centuries. The intensification of rainfall is corroborated by the output of the HadCM3 model on Last Millennium. By comparing these two monsoon parameters on a seasonal basis, the output of the HadCM3 model on Last Millennium can be used to analyze meteorological droughts over the Maritime Continent. The meteorological drought in this study using the Standardized Precipitation Index (SPI) (McKee et al. 1993) , as it is considered the best meteorological drought index (Zargar et al. 2011 ) and monthly SPI-12 which considered capable of reflecting longterm rainfall patterns (Zargar et al. 2011) . Monthly SPI-12 for each Maritime Continent's grid is calculated from the monthly rainfall data from 850 to 1850 CE, with removed first year. The drought characteristics we use to analyze spatial and temporal variations are the anomalies of the area of drought and the frequency of occurrence. The monthly SPI-12 data for moderate drought (-1 ≥ SPI-12> -1,5) and severe & extreme (SPI-12≤ -1,5) categories over the Maritime Continent region from 851 -1850 CE on the land grid are the inputs in calculating the area of drought (Wilhite 2003) for each category over the duration of the data. The time series anomalies data of the drought area serves as a basis for temporal drought analysis over the Maritime Continent.
By calculating and classifying the monthly SPI-12 values on the rainfall data from the HadCM3 model on each terrestrial land grid, we obtain drought categorized maps for every 100 years in the 851 -1850 CE period. The frequency of drought occurrence anomalies is calculated based on the number of occurrences of each grid in each drought value category which is then reduced by the average of drought occurrence over the period of data, then divided against the number of months in 100 years. Spatially, the greatest extent of drought occurrence for each categories throughout Last Millennium, according to the output of the HadCM3 model, occurred in 1751-1850 CE (Fig. 2) . This period is also noted as one of the most parched period in Java (1790 ( -1800 ( and 1840 ( -1900 based on the rainfall intensity reconstruction carried out by Konecky et al. (2013) . The The anomalies of the drought area are calculated using SPI-12 data in each category on each land grid. The drought area data furthermore reduced by the average area of drought data throughout the data period and normalized, resulting drought anomalous time series data on the categories (Fig.3 ). Anomalous drought area over the Maritime Continent shows an increasing trend of the anomalous amount of area experiencing drought from 851 to 1850 CE. Based on the result of anomalous calculation of drought area in Fig. 3 , there is a dominant mode shift with 500 year cycle periodicity in the mid-14th century. In the beginning of the Last Millennium period (850 -1350 CE), the anomalous conditions of the drought area are dominated by wet anomalies, whereas at the end of the Last Millennium is quite the opposite. The anomalous drought conditions are dominated by dry modes culminating in the mid-18th and 19th centuries. This 500-year drought mode change also appears in Fast Fourier Transforms (FFT), assuming anomalous data of drought area as a stationary data (Fig.4) . Through Continuous Wavelet Transforms (CWT) -assuming nonstationary data -it is also found that at the shift of the 14th Century to the 15th century. The dominant mode of dominant drought occurrence occurred with periodicity over 256 ye ar cycle (Fig.5 ). This change in drought mode is suspected as a result of the ITCZ shift in the mid of the Last Millennium in response to inter-hemispheric heat gradient changes in the 1300s CE that marked the end of the Medieval Warm Period (MWP) and the beginning of the Little Ice Age (LIA) (Newton et al., 2006) . In addition to the 500-year cycle mode that dominates the area of drought anomalies over the Maritime Continent, there are also variations of the anomalous mode of drought extent with interdecadal, quasi-centennial, to centennial timescales. This is shown in FFT (Fig.4) and CWT (Fig.5 ). In FFT, it is known that the anomalous area of drought over the Maritime Continent is strongest in succession at a period of 89.09; 500; 122.5; 108.9; 75,38; and 40.38 year cycle. In the CWT, it is known that the anomalous variation of the drought extent on the interdecadal time scale (dominant over most periods of data, with a periodicity of about 16-32 years) is thought to be due to the dominant ENSO phenomenon on the interdecadal scale on Last Millennium as multiproxy records done by Li et al. (2013 ENSO is considered to contribute directly to the dry/wet conditions over the Maritime Continent (Robertson et al. 2011) . The ENSO index is reconstructed as the leading mode in empirical orthogonal function (EOF) of the SST from the HadCM3 model output in the tropical Pacific waters region along the coordinates of 20°N -20°S and 120°E -66°W, which is reduced to the annual climatological cycles and average monthly SST over the data period (Newman et al. 2003) . The time series of ENSO reconstruction index is shown in Fig. 6a . The reconstructed ENSO pattern on the Last Millennium (Fig. 6b) shows no significant difference with the recent spatial pattern of ENSO as investigated by Wang et al. (2016) . Using the CWT (Fig. 6c) , it is found that ENSO in the Last Millennium has the dominant mode on the interdecadal time scale. In recent conditions, the region experiences dry/wet conditions due to ENSO also experiencing dry/wet conditions modulation in the event of a phase similarity between PDO and ENSO . Thus, in this discussion, we also used the reconstructed PDO index from the HadCM3 output (Fig. 7a) by performing the leading mode in EOF calculation of SST in the North Pacific above 20°N (Mantua 2002) . The PDO spatial pattern derived from the HadCM3 Last Millennium simulation output ( Fig. 7b ) has no significant difference compared to recent PDO spatial pattern as observed by Mantua (2002) and Newman et al. (2016) . By performing the CWT, this reconstructed PDO shows the dominant mode on a multidecadal time scale (32 -64 year cycle) in the ca. 900 -1000 CE, and in ca. 1400 -1700 CE PDO's have two dominant modes, the bidecadal mode (16 -32 year cycle) and centennial mode (128 -256 years), while post-1800s CE is actually the dominant mode of PDO occurs in the periodicity of 32 -64 year cycle (Fig. 7c ).
By applying cross-correlations between the ENSO index and the PDO (Fig. 8) , we have statistical correlations between these two phenomena. The cross-correlation coefficient between PDO and ENSO in the Last Millennium of the HadCM3 output (0.4302) has little difference with the crosscorrelation coefficients between ENSO and PDO obtained through proxy data reconstruction by Huang et al. (2010) Statistically, there is a resemblance to the dominant mode between the PDO and the anomalous area of drought over the Maritime Continent in the Last Millennium (Fig. 5 and Fig. 7c ). The coherence between the PDO index and the anomalous area of drought over the Maritime Continent which calculated through wavelet coherence (Grinsted et al. 2004 ) is shown in Fig. 9 . It is statistically known that there is strong coherence, where the PDO in-phase and precedes the anomalous area of the drought with the periodicity of 128 -256 years in most of the data period. While in the quasi-centennial period (64 -128 year cycle) PDO is also inphase and precedes the anomalous extent of drought in the year ca.1500 -1800 CE. In order to assure the relationship between PDO -ENSO against drought events over
the Maritime Continent, we analyze spatial DJF composites from SPI-12 against the ENSO-PDO phase. Assuming the condition of Last Millennium is not much different from the recent condition, the SPI-12 that used is SPI-12 at the time of boreal winter (DJF) which most shows teleconnection between PDO and ENSO (Newman et al. 2003; Wang et al. 2014 ). Based on the spatial analysis (Fig. 10) , it is known that El Niño-induced drought changes are magnified in most of the Maritime Continent region when in-phase with the PDO warm phase, this is in accordance with the recent PDO -ENSO composite teleconnections with the selfcalibrated Palmer Drought Severity Index (sc_PDSI) calculation ). The influence of other ENSO and PDO phases on dry/wet conditions over the Maritime Continent can be seen in DR3. The influence of drought on the sociopolitical dynamics in Southeast Asia in the Last Millennium was obtained by observing the frequency of drought occurrence anomalies and time series anomalous area of drought data over the Maritime Continent, so we obtained time periods and in certain areas in Southeast Asia which experienced the worst drought anomalies. The results of this descriptive assessment are then used as a basis for matching with secondary historical sources to determine the sociopolitical impact on the dynamics of the social life of Southeast Asians in the Last Millennium.
Looking at the political structure of Southeast Asia in Last Millennium certainly can not use the institutional history approach that is generally used as a basis for conducting preliminary studies in political history (Kuntowijoyo 2003) . Because of the relatively loose nature of Southeast Asian political structures prior to the reinforcement of the colonial government system in the early 20th century, Ricklefs et al. (2013) termed it as a mandala structure, where interpersonal relationships were primarily used in supporting the system of government, a more diachronic (extending) political historical analysis to other social fields first mentioned in the journal Annales d'histoire économique et sociale by French historians in the early 20th century (Kuntowijoyo 2003) . In general, we have come to know that the worst period of drought in the Maritime Continent of the Last Millennium occurred in the period 1350 -1451 and 1751 -1850 CE ( Fig.2; Fig. 3 ; DR2). The periods of 1350 -1451 CE are marked by decline, even the collapse of some of the glorious countries in the classic Southeast Asian period (ca. 800 -1300 CE) (Ricklefs et al. 2013 ). Northern Vietnam which had been independent from the Chinese Empire for approximately 400 years (since 1009 CE) experienced a brief re-enactment by the Ming Dynasty of China (1407 -1427 CE) preceded by a civil war between the Tran Dynasty and the Ho Dynasty. This civil war was probably also triggered by the distrust of officials of Ho Quy Ly -founder of the Ho Dynasty-against the Tranh Dynasty as a consequence of the Champa's invasion of several areas in Tonkin (North Vietnam) between 1361 and 1390 CE (Buckley et al. 2014; Ricklefs et al. 2013 ). In the period 1351 -1450 CE, there were two major famines in North Vietnam in 1392 -1393 and 1437 CE (Buckley et al. 2014) . Ming Emperor's ambition, Yongle (1402 -1424 CE) to take control of North Vietnam seems to be bumping into drought conditions in some areas of South China (Yunnan) itself. With the tenacity of Vietnam's Le Loi nationalist rebel based in Lam Son, Thanh Hoa Province, coupled with domestic instability due to drought and famine, Ming's troops were finally withdrawn from Tonkin by the end of 1427 CE (Buckley et al. 2014; Ricklefs et al. 2013) . Meanwhile, the southern part of Vietnam which was part of the territory of the sovereignty of the kingdoms of Champa was relatively less affected by this severe drought. With the Annamite Mountains playing a natural defense role, the territory of the Champa kingdoms has a more dominant local climate variability (Buckley et al. 2014) . The Champa kingdoms also have other advantages, namely the non-densely populated population and natural forests around Bien Hoa that serve as a catchment area (Buckley et al. 2014 ). This advantage made Champa capable of expanding northward in this period, and also able to repeatedly threaten the Angkor region that was weak due to drought disaster, eventually controlling one of Angkor region around Dong Nai River in north Saigon (Vickery 2011 in Buckley et al. 2014 ). The history of the Nusantara in the 14th century until the 15th century was dominated by the two major kingdoms, Majapahit in Java Island, and Malacca in the Malay Peninsula (Ricklefs 2008) . In terms of religiosity itself, this turn of the century is the initial stage of Islamic initiation to replace Hindus -Buddhists who previously dominated the Nusantara.
There is a difference of political perspective between Malacca and Majapahit in economic terms. Majapahit, though well known as a maritime kingdom, but Majapahit's focus remains as an agrarian kingdom -hanging fate on agricultural hydrological systems-, as most other later Javanese kingdoms (Ricklefs 2008) . As for Malacca as other kingdoms in Sumatra, it is more maritime by relying on trade rather than agriculture (Ricklefs 2008) . The perspective of a country in economic activity certainly affects the response of political conditions in the event of drought.
Majapahit which at the beginning of the 14th century reached its heyday, suffered a decline of civilization in this period. The civil war of 1405-1406 CE, the succession of the imperial conflicts of the 1450s CE, and the great revolt of one of the nobles in 1468 CE precipitated the fall of Majapahit into the hands of Demak Islam -more trade-mindedin 1478 CE (Ricklefs 2008) . The lack of reliable historical records and the absence of archaeological research on Majapahit hydrological sites makes the argument of long drought as one of the causes of the Majapahit collapse has not had a solid foundation. Further archaeological research is required, especially on the remaining three reservoirs (Domas, Kumitir, and Baureno) and many other waterways made of bricks in Kotaraja Majapahit, Trowulan.
The weakening of the Majapahit empire in the archipelago followed by the rise of Malacca at the end of the 14th century, to the beginning of the 15th century (Ricklefs 2008) . A prince named Parameswara who managed to escape from Majapahit invasion to Palembang in 1377 CE. Parameswaraafter adopting the title of Sultan Iskandar Shah-made a treaty with orang laut who were pirates roaming the Straits of Malacca to force merchant ships to harbor in Malacca (Ricklefs 2008) . Malacca managed to widen its influence as a trading hub in the Nusantara until the Portuguese conquered it in 1511 CE (Ricklefs et al. 2013) . The economic nature of Malacca, which relies on maritime trade, makes the impact of drought not so much affect the political condition of this kingdom, although further research is needed.
The impact of severe drought in the 1351 -1450 CE period that has been extensively studied is the decline of the Angkor Kingdom after the death of Jayavarman VII (Ricklefs et al. 2013) . As an agrarian kingdom, Angkor built a fairly good irrigation system by relying on large reservoirs, called baray, scattered in the core areas of the kingdom (Ricklefs et al. 2013) . Allegedly after the death of Jayavarman VII, most of the baray was damaged and unkempt, so in the face of severe drought, Angkor residents were not ready (Buckley et al. 2010; Ricklefs et al. 2013) . Then, since the 15th century, there was a periodic war between Angkor and the new power of Southeast Asia's mainland, Ayutthaya. Most of Angkor's territory was finally able to be captured by Ayutthaya, until finally the succession of the capital moved to Lovek, Oudong, and finally in Phnom Penh (Ricklefs et al. 2013) . The displacement of the capital is also thought to be the royal government's response to the drought, as a b
with the removal of the capital to Phnom Penh -by the Mekong and Tonle Sap Rivers-, the new Cambodian kingdom hopes to engage in maritime commerce -changing the economic perspective of the agrarian kingdom into a maritime kingdom-which at the time was bustling because of the maritime expeditions conducted by the Ming Dynasty (Buckley et al. 2010; Ricklefs et al. 2013) . Nonetheless, Cambodia is difficult to enter the maritime trade scene, due to less promising produce and its less strategic position (Buckley et al. 2010 ). Cambodia could not fully rise to the glory of Angkor, to the colonization of France by the end of the 19th century, the kingdom of Cambodia is in the shadow of the two great powers in the Southeast Asian mainland region of Vietnam and Siam (Ricklefs et al. 2013 ).
The worst episode of drought over the Maritime Continent on Last Millennium either temporally or spatially occurred in 1751-1850 CE. The late 18th century until the mid19th century was also recorded as a period of turmoil in South Asia, Southeast Asia, and even to reach North Asia (Kahan 1985; Liebermann 2003 in Buckley et al. 2014 ). This drought episode also recorded an impact on hunger and chaos in South India and Sri Lanka (Cook et al. 2010 ).
The Vietnam region after the brief occupation of the Ming Dynasty was divided into two parts, North and South. The Le/Trinh regime governs the northern region (Tonkin) and the Nguyen regime in the south -Cochin China, including the territories formerly the territory of the Champa kingdoms-. As a result of the management of these two kingdoms is bad, resulting in social gaps and hunger everywhere, exacerbated by drought events, the Tay Son rebellion lasted for 30 years (1771 -1802 CE) (Ricklefs et al. 2013) . At the end of the 18th century, the Catholic missionaries in Tonkin also noted that in 1770, 1778 -1779, and 1785 -1786 CE there was a famine due to drought and prolonged wars (Forest 1998 in Buckley et al. 2014 . The historical record of the Nguyen Dynasty in South Vietnam also noted that Binh Thuan Province, which is in 1794 -1798 CE was a territory controlled by Tay Son rebels, had been abandoned by almost all of its civilians due to crop failure due to drought (Buckley et al. 2014) . By the time Nguyen Anh defeated the Tay Son rebels in 1801 CE also recorded drought was engulfing the region of Central Vietnam (Buckley et al. 2014) .
A French adventurer named Turpin reports that the severe drought and famine that hit Ayutthaya occurred at the beginning of the 18th century, however, he did not specify exactly the year of the incident (Buckley et al. 2014 ). Burma, which developed an expansionary military doctrine in the era of the Konbaung government, surrounded the capital of Ayutthaya with a force of 350,000 in 1767 CE, was forced to withdraw its troops because there was no logistical boost to feed a large army in the drought (Buckley et al. 2014; Ricklefs et al. 2013) . Nevertheless, the bursts of Burmese forces and prolonged drought contributed to Ayutthaya's collapse that had ruled Siam for four centuries in 1767 CE (Ricklefs et al. 2013) . Narrated also, when the new Siamese king, Thaksin wants to consolidate Ayutthaya's rule by retaking the city of Chiang Mai, he and his troops find that the city has been dormant due to drought and famine (Buckley et al., 2014 (Ricklefs et al. 2013 ).
In the Nusantara itself, especially in Java Island in the mid-19th century, occurred Java War led by Prince Diponegoro.The greatest war between the Dutch East Indies government against the Javanese took place between 1825 and 1830 CE (Ricklefs 2008) . The Java War was triggered by the spirit of the new era of European rulers -brought by Daendles and Raffles in the early 19th century-that impressed antifeodalism and interfered in the affairs of the native royal palaces (Ricklefs 2008) . Cholera and crop failure due to prolonged drought in the 1820s
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CE made the Javanese who were already humiliated by their traditions interfered with by the West, waged a massive uprising (Ricklefs 2008 ). This great war ended with the capture of Diponegoro in Magelang in 1830 CE. Cholera, dysentery, malaria, and drought-induced famine resulted in a large number of casualties, accounting for about 15,000 inhabitants from the colonial side and 200,000 from the dead Javanese people (Ricklefs et al. 2013 ). This costly Java War also contributed to the implementation of the forced cultivation system in Java that lasted until the early 20th century (Ricklefs 2008 ).
Conclusion
The variation of temporal drought over the Maritime Continent of the Last Millennium is dominated by the quasi-centennial to centennial dominant mode coherent with the PDO mode, which strengthened in the period ca. 1100 -1700 CE. PDO precedes drought with phase differences indicating there is a time lag between PDO and area of drought over the Maritime Continent. The spatial drought variation over the Maritime Continent on Last Millennium due to ENSO is amplified by PDO on boreal winter.
Based on the assessment of the frequency of drought occurrence and area of drought anomalies, qualitatively the drought over the Maritime Continent of the Last Millennium period experienced maximum conditions in the mid-14th century until the end of the 15th century -the period with the longest drought area-, and at the beginning of the 17th century until the middle of the century the 19th -period with the most drought area-. The drought over the Maritime Continent of that period was recorded in the political history of Southeast Asian societies, especially in agrarian societies which were then characterized by riots and rebellions due to crop failures and illness.
